Background: In England in 2001 oesophagogastric cancer surgery was centralized. The aim of this study was to evaluate whether centralization of oesophagogastric cancer to high-volume centres has had an effect on mortality from different emergency upper gastrointestinal conditions. 
Introduction
In recent years there has been steady improvement in outcome parameters including postoperative mortality following oesophagectomy and gastrectomy 1 -3 . The reasons for this are multifactorial, but include better patient selection, preoperative optimization, advances in surgical technique and vast improvements in perioperative care 4 -6 . The centralization of oesophagogastric cancer services to high-volume centres with the appropriate infrastructure to manage these complex patients and deliver a consistently high level of care has been shown to reduce oesophagectomy-and gastrectomy-associated morbidity and mortality 7, 8 . Specifically in England, which is largely a socialized healthcare system, since 2001 following a national policy recommendation, there has been a consistent shift towards the centralization of oesophagogastric cancer resections to high-volume centres. A real effect was noted from 2005 onwards with improvement in perioperative mortality 7, 9, 10 .
Possible side-effects of centralization of oesophagogastric cancer may include an effect on the pattern of hospital admission and the outcome of patients with emergency benign upper gastrointestinal conditions. This effect may be present despite the lack of existence of a formal policy for the centralization of benign emergency upper gastrointestinal conditions. To test this hypothesis, three different benign emergency upper gastrointestinal conditions were studied, oesophageal perforation (OP; presumed low incidence), obstructed or gangrenous paraoesophageal hernia (POH; presumed average incidence) and perforated peptic ulcer (PPU; presumed high incidence). The objectives of the present study were to evaluate whether centralization of oesophagogastric cancer to high-volume cancer centres has affected the pattern of admission and mortality from these three emergency upper gastrointestinal conditions. 
Coding of data
All diagnostic codes were verified centrally and by local hospital coders within Imperial College Healthcare NHS Trust. Relevant ICD-10 codes were used to identify patients over the age of 17 years admitted as an emergency for the treatment of OP (K22.3), obstructed or gangrenous POH (K44.0 and K44.1) or PPU (K25.1, K25.2, K25.5, K25.6, K26.1, K26.2, K26.5, K26.6, K27.1, K27.2, K27.5 and K27.6) between 1 January 1997 and 31 December 2012, who were included in the study. Only patients identified as emergency admissions were included in this analysis using the admission codes (method of admission 21-28), and thus patients in whom OP, POH or PPU occurred as a result of another intervention were excluded, as this would add further heterogeneity to the study population. Patients transferred between hospitals (admission codes 28 and 81) were classified based on the hospital where they received the primary surgical intervention, and in the absence of any intervention they were classified based on the hospital from which they were discharged. Treatments were identified using OPCS-4 codes.
Exposure
The exposure under investigation was the effect of oesophageal and gastric cancer centre surgery volume on mortality from OP, POH and PPU. The total and mean annual volume of patients with oesophageal or gastric cancer operated on at individual centres during the study interval was calculated. Centres were divided based on a mean annual oesophagogastric cancer threshold of 20 per year into low-and high-volume centres 12, 13 . This threshold was chosen as the upper quartile threshold for annual cancer volume over the study interval.
Outcomes
The outcomes were 30-and 90-day mortality, identified by linking HES data with data from the Office for National Statistics. The process of data linkage was performed centrally using a unique patient NHS number, which permits linkage of data between patient data sets. Local Institutional Review Board ethical approval was obtained for this study.
Statistical analysis
Statistical analysis was performed using SPSS ® version 22.0 software (IBM, Armonk, New York, USA). Funnel plots were generated to plot for 30-day mortality from the emergency upper gastrointestinal condition (OP, POH or PPU) versus the total volume of oesophagogastric cancer surgical resections performed in each centre during the study interval.
Multivariable logistic regression analyses were performed to evaluate the positive or negative association of high-volume cancer centre status (20 or more resections per year) with 30-and 90-day mortality from OP, POH and PPU. Confounding factors adjusted for included: age (less than 70 years versus 70 years and above), sex (male or female), Charlson co-morbidity index score (less than 2 versus 2 or more) (model (a)), and utilization of surgery on primary admission (yes versus no) (model (b)). Thresholds of 70 years for age and a Charlson co-morbidity index score of 2 were used to binarize these confounders, based on previous research identifying these thresholds as predictive of mortality for OP and POH 14, 15 . Specifically for OP, POH and PPU analyses, oesophageal cancer (yes or no), presence of gangrene (yes or no) and gastric or duodenal cancer (yes or no) respectively were included as confounding factors. All statistical tests were two-sided, with the threshold of significance set at P < 0⋅050.
Risk-adjusted cumulative sum (RA-CUSUM) analysis 16 was used to determine both the existence and value of any hospital volume threshold for 30-day mortality for patients admitted with OP, POH or PPU. Risk prediction models for the binary outcomes were created using logistic regression models. Potential risk factors included in the models were age (less than 70 years versus 70 years and above), sex (male versus female), oesophageal cancer (OP analysis) POH gangrene (obstructed or gangrenous POH analysis), gastric or duodenal cancer (PPU analysis) and Charlson co-morbidity index (less than 2 versus 2 or more). The volume threshold was defined as the minimum annual emergency caseload for an alteration in volume-outcome relationships. The curve plots the cumulative difference between observed and expected mortality against total hospital volume over the study interval. The change points of the RA-CUSUM curves are defined as the maximum deviation of the curves, which corresponds to the annual volume thresholds. The number of patients managed in high-volume cancer centres identified 
Results

Population characteristics
From 1997 to 2012, a total of 3707, 12 441 and 56 822 patients were admitted as an emergency with OP, POH and PPU respectively. Table 1 describes the demographics of the study groups, and shows that a greater proportion of patients with POH were aged 70 years or more, and that a greater proportion of patients with OP had a Charlson co-morbidity index score of 2 or more. The proportion of patients with cancer in the OP and PPU groups was 10⋅8 and 6⋅9 per cent respectively, and the proportion of those with gangrene in the POH group was 9⋅2 per cent. Surgery was used most commonly in the PPU group (21⋅5 per cent versus 15⋅5 per cent for OP and 12⋅8 per cent for POH). Thirty-day mortality was greatest in patients with OP (28⋅5 per cent), followed by PPU (24⋅1 per cent) and then POH (7⋅0 per cent); these results were paralleled for 90-day mortality.
Oesophageal perforation
Over the study interval there was a substantial increase in the proportion of patients with OP managed within high-volume cancer centres, from 21⋅2 per cent in 1997 to 48⋅1 per cent in 2012 (P < 0⋅001) (Fig. 1) . Management in high-volume centres was independently associated with a relative reduction of 42 per cent in 30-day mortality (HR 0⋅58, 95 per cent c.i. 0⋅45 to 0⋅74) and of 38 per cent in 90-day mortality (HR 0⋅62, 0⋅49 to 0⋅77) from OP ( Table 2 ). The funnel plot (Fig. 2a) illustrates the relationship between total cancer centre volume over the study period and 30-day mortality from OP. RA-CUSUM analysis showed a significant change-point annual OP volume threshold for 30-day mortality at five cases (Fig. 3a) . Following centralization of cancer, the percentage of patients managed in cancer centres that reached the critical annual volume threshold of five of more OPs per year increased from 38⋅7 to 88⋅0 per cent.
Obstructed or gangrenous paraoesophageal hernia
During the study period there was an increase in the proportion of patients with POH managed by high-volume cancer centres, from 21⋅1 per cent in 1997 to 40⋅6 per cent in 2012 (P < 0⋅001) (Fig. 1) . Management of POH in high-volume centres had no significant effect on 30-day (HR 0⋅97, 95 per cent c.i. 0⋅79 to 1⋅19) or 90-day (HR 0⋅96, 0⋅81 to 1⋅13) mortality ( Table 2 ). The funnel plot (Fig. 2b) similarly demonstrates a lack of a relationship between total cancer centre volume over the study interval and 30-day mortality from POH. RA-CUSUM analysis of 30-day mortality for hospital annual POH volume showed significant annual POH volume thresholds at 11 admissions (Fig. 3b) . Following centralization of cancer services, the percentage of patients managed by cancer centres that reached the volume threshold of 11 or more acute POHs per year increased from 11⋅5 to 30⋅3 per cent.
Perforated peptic ulcer
There was also an increase in the proportion of patients with PPU managed in high-volume cancer centres, from 15⋅7 per cent in 1997 to 38⋅7 per cent in 2012 (P < 0⋅001) ( Fig. 1) . High-volume centre status did not influence 30-day (HR 0⋅99, 95 per cent c.i. 0⋅87 to 1⋅12) or 90-day (HR 1⋅00, 0⋅94 to 1⋅06) mortality from PPU. The funnel plot (Fig. 2c) similarly demonstrates a lack of a relationship between cancer centre volume and 30-day mortality from PPU. RA-CUSUM analysis for 30-day mortality from PPU showed no relationship with annual PPU hospital volume (Fig. 3c) .
Discussion
Despite the centralization of surgical services for oesophageal and gastric cancer to high-volume centres with the appropriate infrastructure to manage these complex patients, there is no formal policy regarding the management of emergency upper gastrointestinal conditions. During the 16-year study period, there has been passive centralization to high-volume cancer centres of emergency admissions with OP (26⋅9 per cent increase), obstructed or gangrenous POH (19⋅5 per cent increase) and PPU (23⋅0 per cent increase). Regression analysis demonstrated that management in high-volume cancer centres was independently associated with reduced mortality from OP, with no such effect seen for obstructed or gangrenous POH and PPU. Annual emergency admission volume thresholds at which mortality improved were observed for OP and POH. Following centralization, the proportion of patients with OP who were managed in high-volume cancer centres that reached this volume threshold increased exponentially, from 38⋅7 to 88⋅0 per cent; this may be responsible for the improvements in mortality seen in high-volume centres following centralization.
The population-based design, with virtually complete inclusion of all eligible patients in England, is a strength of this study. The large sample size, complete follow-up of all patients, and the adjustment for several relevant confounding factors are other advantages. Given the nature of the national database and the retrospective design used for the study, it was not possible to define patient physiological status on admission, severity or degree of contamination from perforation or degree of hernia ischaemia, or other clinical drivers that may have influenced treatment allocation or affected clinical outcome. It must be further acknowledged as a limitation that, from a national administrative data set such as this, individual hospital-related factors that may have contributed to the improvement in mortality seen for OP in high-volume cancer centres, such as the number of surgeons or ICU beds, cannot be identified. Furthermore, administrative data sets such as HES do not provide information on cause of death, and the data presented are for all-cause mortality. As a large national database study, the results generated are dependent upon the reliability of the methodology and accuracy of data collection, which is a limitation shared by all national administrative databases. Importantly, changes over time are distributed equally during the study interval; however, the funding along with infrastructure for high-volume cancer centres improved to a greater degree than that for other centres, which is a potential reason for measurable changes in OP mortality in high-volume cancer centres.
During the period of centralization of surgical management of oesophagogastric cancer in England, this study has shown the passive centralization of emergency management of OP, POH and PPU to high-volume cancer centres, despite no formal policy. The authors have previously demonstrated a volume-outcome relationship for OP in England 14 . This parallels the results of the present study, with an annual OP admission volume threshold of five patients seen to influence mortality significantly, and the percentage of patients managed within high-volume cancer centres treating five or more patients with OP per year increasing from 38⋅7 to 88⋅0 per cent following centralization. This substantial shift in the management of patients with OP ensures that the majority of high-volume cancer centres reach this critical volume threshold to reduce mortality.
However, cancer centre status had a neutral effect on mortality from both obstructed or gangrenous POH and PPU. An annual POH admission volume threshold of 11 cases was seen to reduce mortality from POH significantly. However, even after cancer centralization, the proportion of patients managed in cancer centres treating 11 or more patients with POH per year reached only 30⋅3 per cent. This suggests that the passive centralization of POH to high-volume cancer centres has not reached sufficient levels to result in a change in POH mortality within these centres. Annual volume and cancer centre status did not affect mortality from PPU. Together, these findings parallel those seen in major cancer surgery, with rarer, more morbid, surgeries such as oesophagectomy and pancreaticoduodenectomy showing strong volume-outcome relationships, and more common, less morbid, surgeries such as colorectal resection showing less significant volume-outcome relationships 8, 17 .
Since guidelines for centralization of oesophagogastric cancer services were published in the UK in 2001, the process of centralization of high-risk cancer care has been ongoing in England 10 . Cancer centres and surgeons experienced in managing patients following oesophagectomy and gastrectomy, and with appropriate infrastructure, may be better prepared to deliver a consistent level of high-quality outcome. This infrastructure includes access to 24-h endoscopy and imaging services, and expertise-based intensive and medical care services to stabilize patients with OP who are acutely unwell. The expertise of oesophageal cancer surgeons is needed, as 10⋅8 per cent of patients with OP had oesophageal cancer, and 18⋅0, 68⋅1 and 14⋅0 per cent of surgical interventions were oesophagectomy, oesophageal repair and oesophageal drainage procedures respectively.
This study highlights the need to formalize the policy for centralization of the management of OP to centres experienced in oesophagogastric cancer, given the multidisciplinary services available. A demonstrable volume-outcome relationship was seen with obstructed or gangrenous POH, although in the current era only one-third of cancer centres reached the volume required to influence mortality. However, there is no such requirement or demonstrable benefit of centralization to oesophagogastric cancer centres with more common conditions such as PPU.
